Introduction
Respirator fit testing is desirable before entering hazardous working environments to ensure that the respirator worn satisfies a minimum fit, and that the user knows when a respirator fits properly 1) , although many Asian countries, including Korea, do not have fit testing regulations. The fit of a respirator can be determined by qualitative or quantitative methods. Quantitative fit test (QNFT) methods provide an objective and numerical basis by measuring a fit factor (FF) 2) . A perfect fit, which eliminates leaks, gives a fit factor of infinity; the worst possible case gives a fit factor of unity. QNFT, using a pass/fail level of fit factors, can help select a respirator that provides an appropriate level of protection to a worker as long as he/she wears it. In the past fit testing was commonly applied to an elastomeric respirator and a disposable respirator with HEPA filter. Because of the problem of the fit testing method, or the characteristics of a non-HEPA filter, a disposable respirator with non-HEPA filter could not be generally fit tested 3) . The new negative pressure air purifying particulate filter test criteria changed with respirator regulations in 42 CFR Part 84 in the United States 4) and the most penetrating sized aerosols are used in testing. Also, new technology now makes it possible to fit test N95 disposable respirators certified by the new test criteria, that could not be fit tested before. The N95 Companion ® (TSI, USA) works with the Portacount Plus ® to fit test even Class-95 filters including Class-99 and Class-100 filters 5) . Since the N95 disposable respirators were introduced into the market place, many questions regarding whether they, especially the disposable filtering facepieces, need to be fit tested have been raised. Recent study demonstrated the need for fit testing to screen out those types of respirators that do not fit well and do not provide the necessary level of protection 6) . Workplace performance of respirators was assessed by determining workplace protection factors (WPF) that are defined as "a measure of the protection provided in the workplace by a properly functioning respirator when correctly worn and used" 7) . WPF is difficult to determine because of difficulties of sampling and analysis in the workplace. Compared with WPF, FF determined in the laboratory are easy to measure. Therefore questions are raised about that FF can be used as benchmarks to provide some indication of the respirator's workplace performance. In other words, are there any correlations between FF and WPF? Up to now unfortunately no studies have been reported or found in the literature that identified such correlations. Those that have attempted to identify such correlations have been unsuccessful [8] [9] [10] [11] . Meanwhile although a large portion of disposable filtering facepieces used in Korea is domestic, not a small number of those type respirator filters is imported from foreign countries, especially, the United States. Most of the N95 filtering facepiece certified by the U.S. certification regulation (42 CFR 84) passes Korean certification regulations 12) , since the particulate filter test criteria of the former is stricter than those of the latter. It is thus necessary for the N95 filtering facepiece to be selected as a subject in this study.
The main goal of this study was to provide data on the workplace performance for new type certified filters, the N95 filtering facepieces, in the welding workplace. The second goal was to evaluate the relationship between WPF and FF for the N95 filtering facepieces using Fe concentrations in the welding workplace.
Materials and Methods

Workplace setting and workers selection
The workplace setting for this study was the welding shop of Hyundai Mipo shipyard in Korea. Workers selected in the study were working as trainees looking to get their international welding license for six months after joining the company. They are trained in a homogenous group of various training courses with a scheduled term. During the sampling they were working with oxygen fuel gas flame welding with mild steel for eight hours a day no shift. 14 welders in this research participated as volunteers. A test subject participated once in a sampling for each respirator, a total of three times. Three samples for a worker were taken in a day during all normal activities (from 08:00 to 17:00).
Respirators
Three 
Fit testing
Respirators were randomly assigned to the workers, and their fit performance when worn by a worker was assessed by quantitative fit testing (QNFT 
Sampling and analysis description
The research protocol used for this study was patterned after other published respirator field study protocols [13] [14] [15] [16] . A total number of 42 WPF samples were sampled from 14 subject workers for the three brand respirators respectively, that is, each worker/respirator combination. Tradition lapel sampling systems for WPFs were set up to provide simultaneous samples from the breathing zone both outside and inside the respirator. Outside respirator sampling (C o ) was carried out as total suspended particulates. Inside respirator sample (C i ) was collected by a probe inserted through the respirator at a location situated between the nose and the mouth. Each sampling train consisted of 37 mm 0.8 µm mixed cellulose ester filter (SKC Inc., USA) mounted in three-piece plastic cassettes and a polypropylene back up pad connected to a personal sampling pump outside and inside sampling. Sampling pumps were calibrated to this flow with a bubble flow meter (UltraFlo ® , Buck Inc., USA) and were checked before and after each WPF sampling period. Sampling pumps in both sampling trains were always simultaneously started or stopped.
Field blanks (FB) were taken to measure potential contamination due to handling of the filters and cassette, field storage and analysis (i.e., to account for background contamination). The blanks were treated in the same manner as the C o and C i sampling except no air was drawn through the tubes (i.e., not attached to any pump). The sealed cassette was clipped to the worker in an area close to the breathing zone. At the end of the sample period, the FB cassette was reopened and closed, stored with the other sample, and sent in for analysis. Manufacturer blanks (MB) were unused filters loaded into an unused cassette. One set of unused cassettes and filters was randomly collected, and stored with other samples and sent to be analyzed without ever being opened. FB and MB were analyzed the same way as were the filters sampled during the tests.
After approximately 2 hours, the pump was stopped and the cassette was plugged. At the end of each working day, the cassettes containing samples collected were forwarded to the laboratory for analysis. Samples were extracted for Fe in accordance with NIOSH Method 7300 17) and outside facepiece Fe concentrations were analyzed by flame method of atomic absorption spectrophotometer (Model AA-680, Shimadzu Inc., Japan) while inside facepiece Fe concentrations, FB and one set of MB were graphite furnace method of the same instrument (Model GFA-4B, Shimadzu Inc., Japan). The limit of quantification of Fe for flame method of this analysis was 0.8 µg for sample and graphite furnace is 0.08 µg for sample.
To account for loss to the filter and cassette wall, the interior surface of each sample cassette was acid washed using by modified the other published research protocol 15) . The washed solute and an acid digest of the cassette filters were combined and analyzed.
WPFs and FFs measurement program at the welding workplace
FFs should be measured in the laboratory. Therefore before entering the workplace each subject was first fit tested in the nearest office in which there was no air exchange with the workplace. After fit testing was finished, outside and inside sampling tubes of the respirator were plugged not to introduce outside aerosol into the tubes. The subject moved immediately to the workplace without removing the respirators accomplished fit testing and sampling for WPFs continued during work time. Three different respirator samplings for a subject were conducted in one day.
Ambient particle size measurement
Four cascade impactor samples were collected to determine the size distribution of the ambient particles at various locations at the study site. Sampling locations were selected as close as possible to those positions where study participants were most frequently situated. The samples were collected by 8-stage Anderson Non-Viable Sampler ® (Anderson Inc., USA). Sampling was conducted for approximately 5 hours at a flow rate of 28.3 L/min. This sampling gave impactor stage effective cut-off diameter of 9.0, 5.8, 4.7, 3.3, 2.1, 1.1, 0.65, 0.43 µm with a backup filter to collect particle ≤ 0.4 µm.
Statistical analysis
The data was analyzed with student t-test, analysis of variance (ANOVA) after data log-transformed and correlation analysis. These statistical analyses require that the data being analyzed be normally distributed. Outside Fe concentration (C o ), inside Fe concentration (C i ), WPF data, FF data and the log-transformed data of them were checked for normality by using the Shapiro-Wilk test in LogNorm ® software 18) . Other statistical analysis was performed by using SAS ® software 19) .
Results and Discussion
Outside and inside Fe concentrations, WPFs and FFs
Outside-and inside facepiece concentrations were expressed only in term of elemental Fe. Analysis of FB and MB showed no level of quantification (<0.08 µg), so that correction for background contamination of the filters and handling was not necessary. 3 20) . Lognormal probability plots of WPFs and FFs for three brands are presented in Fig. 1 . The data of WPF and FF showed an approximate straight line indicating that lognormal statistics will give good estimates of mean and variability 21, 22) . The WPFs measured on all the samples of the three respirator brands were found to range 2.2 to 132.9 with GM of 15.9 and GSD of 2.63. The WPF of different brands was found to be significantly different (P<0.05). The FF for all samples ranged from 5 to 200 with GM of 38 and GSD of 2.93, and there was also significant difference in different brands (P<0.05). As shown in the graph, the FF was found higher than the WPFs at the same probability. Fig. 2 shows comparison of GM of the WPF with GM of the FF of each respirator brand. Student t-test for log transformed data indicated that the WPFs were significantly smaller than the FF in all respirators (P<0.05). This is naturally expected result that WPF was considered the penetration of particulates through the filter media, while FF is determined by only faceseal leakage but no penetration through the filter media is considered. In addition to penetration differences, fit testing is performed under somewhat ideal conditions for wearing the respirator: limited wearing duration, special care for fitting, aerosol sizes different from the workplaces, different breathing rate etc. Correlation between WPF and FF It can be thought that, the better the FF yields on workers/ respirator combination, the better the WPF would be. Many researches were, therefore, conducted to identify correlation between WPF and FF, but most of all research showed no correlations between them [8] [9] [10] [11] or weak correlations 23) . Correlation analysis was performed to evaluate the relationship between the WPF measured and the FF data for each respirator and for all respirators, using the WPF for the dependant variables and the FF for independents variables. As shown in Fig. 3 , correlation between the WPF measurements and the FF results for all the samples of three brands respirators was found (R 2 =0.38) and the linear regression model is significant at the 5% significance level. In the analysis for each respirator, mask 'A' was not strongly correlated (R 2 =0.35), but mask 'B' (R This result is not in agreement with the other research mentioned above. Correspondingly, although the data was very limited, this result suggests that, compared to the existing research, further more detailed researches should be necessary to identify whether or not WPF associates with FF for N95 filtering facepieces. Table 2 summarizes GM (N=4) of Fe concentrations and particle size analyzed by the impactor sampler. In this study, the Fe concentration by area sampling of 423 µg/m 3 was Table 1 ). Measurement of the particle size showed that approximately 90% of Fe particulate in the study is less than 9.0 µm. The percentage of Fe particulates mass having a smaller fraction than 1.1 µm diameter was found 71.6% of the total Fe mass. This result is not surprising since the fume size produced by the welding operations is, in general, less than 1.0 µm diamenter 24) . Rather, note that not a little fraction of particulate size of larger than 1.1 µm diameter was observed. This result indicates that fume particle consists of thousands of smaller, nearly spherical particles, or spherules, arranged in a complex branched-chain configuration after emitted and then become larger 25) . Or it is possible to explain that fume coagulates with existing dust after being emitted and then becomes larger.
Particle size analysis results
On the other hand, according to Hinds and Kraske 26) , aerosol penetration through face seal leaks was found to depend strongly on particle size, indicating that aerosol penetration through leaking increases dramatically with decreased particle size. The sizes of welding fume in this workplace were much smaller than the particle sizes produced by foundry operation 27) and steel mill operation 28) . For this reason, in this study face seal leaks, that is, a fraction of the total inside concentration may be a greater amount than the findings of research mentioned above. This result therefore suggests that more detailed research needs to identify the correlations between WPF and FF in small size aerosols produced by workplaces.
Conclusions
None of the outside facepiece Fe concentrations exceeded the TLVs of 5 mg/m 3 and no significant differences among the outside Fe concentrations of all samples of three brands respirators were found. The WPF measured on all the samples of three respirator brands worn by 14 workers ranged from 2.2 to 132.9 with GM of 15.9 and GSD of 2.63. Significant differences in respirator performance, as measured by the WPF were observed among different respirator brands (p<0.05).
In this study correlations were found between the WPF measurements and the FF data for all samples of three respirator brands (R 2 =0.38). The percentage of Fe concentrations in particles having a smaller fraction than 1.1 µm diameter was found to be 71.6% of the total Fe concentration. The size of most particles produced by the welding fumes in this study were smaller than those in the foundry and steel mill operations in which WPF were not correlated with FF in the previous other studies. These results imply that more detailed study is necessary to evaluate the relationship between WPF and FF in small size aerosols such as welding fume.
